Purpose. When the targets or the background in a display are different colors, longitudinal chromatic aberration ensures that there is no single correct accommodative response. The purpose of the present study was to determine whether the response becomes more variable when viewing certain multicolor displays. Methods. Accommodative responses of five young participants were measured with a dynamic infrared optometer while they viewed steady targets at a nominal stimulus level of 3 D. Target-on-background color combinations were black on white, black on blue, black on red, blue on red, red on blue, dark blue on red, and dark red on blue. Results. When compared with the standard black-on-white target, responses to targets with reduced spectral bandwidth were not significantly more variable. In most participants, responses to near-isoluminant targets (e.g., red on blue and blue on red) were not more variable than to the standard target. However, calculated confidence intervals cannot rule out moderate to large changes in variability near isoluminance. Responses to these multicolor targets tended to favor the blue focus. 
M
any studies have measured accommodation when an appropriate accommodation response can provide an unambiguously focused retinal image. 1 Relatively fewer studies have used conditions in which there is an ambiguous accommodation stimulus. Such ambiguities can result from the physical layout of objects in the environment [2] [3] [4] or from optical characteristics of the eyes, such as astigmatism, 5 anisometropia, 6, 7 and longitudinal chromatic aberration (LCA). 8 Because of the eye's natural LCA, 9 different colored objects and backgrounds in the display are imaged at different planes in the eye with respect to the retina; thus, there may be no single position of optimal focus. Some situations in which this occurs in daily life are when viewing: (1) multicolored displays such as computer visual display units (VDUs) or color television screens, (2) color printed matter under broadband illuminants, or (3) achromatic material under trichroic illuminants such as "prime color" lamps. 10 
Factors in the Response to Color Stimuli
Recent work on accommodation, color, and LCA provides a basis for understanding a number of factors that are involved in the accuracy and stability of the accommodation response to color stimuli.
Redundancy of Accommodative System Cues. Accommodation can be driven by a number of stimuli, including defocus, perceived distance, voluntary effort, and vergence. 1 The response to defocus is also multiply redundant, driven by blur, 11 LCA, 12, 13 and an unknown "achromatic" cue. 14 Examples are available in the literature to show that a process operates to compensate effectively for poor or absent stimuli. 15, 16 Thus, displays that upset the normal color stimuli to accommodation may not necessarily disturb the response if other reliable cues and stimuli can substitute.
Spectral Bandwidth. Under broadband illumination, LCA provides an important stimulus to accommodation for moving and stationary targets. 12, 13, [17] [18] [19] [20] On a color VDU, broadband spectral qualities are obtained using all three (or sometimes two) of the red, green, and blue primaries. 21 It should be noted that for achromatic targets, the various wavelengths that make up the white background are imaged at different planes in the eye, resulting in blur spread functions with characteristic colored fringes. 12 Thus, although the wavelengths are focused at different planes, this condition is necessary for reflex accommodation to function normally.
In optical systems designed to reduce proximal cues to accommodation, the accommodation response to dynamic targets tends to become poorer in monochromatic or reduced spectral bandwidth light. 12, 18, 19, 22 For steady targets, the accommodation response becomes less stable, showing low frequency drifts and increased fluctuations that suggest subjective difficulty. 20 The amplitude of accommodation may also fatigue slightly during work performed under monochromatic illumination. 23 Nevertheless, the time-averaged response to steady targets can be accurate, regardless of spectral bandwidth 20, 22, [24] [25] [26] [27] or the amount of LCA present. 28 A minority of individuals also appear to focus normally in monochromatic light. 12, 19, 20, 22 Isoluminance. Studies using targets presented in Badal optical systems have found that multicolored targets near nominal isoluminance provide a poor stimulus to reflexive accommodation. 29, 30 Conversely, studies using natural viewing conditions and subjectively brightness-matched targets have found that their participants' steady accommodation was reasonably accurate with these nominally isoluminant targets. 8, 31, 32 One possible explanation for these contradictory results is that in natural viewing conditions, participants use proximal and voluntary accommodation to compensate for poor "reflexive" accommodation. 33 Conflicting Stimuli. Multicolored displays have the potential to provide conflicting stimuli to the accommodation system, such that no single accommodation response provides an optimal level of clarity. This will occur when the two colors are sufficiently saturated, 34, 35 and the difference in refractive error between their dominant wavelengths 9 is larger than the eye's depth of focus. If there are patches of text of different colors on an achromatic background, then accommodation may be forced to fluctuate up and down with each new fixation. For example, combinations of red and black have generally been found to lead to higher accommodation responses than combinations of blue and black, 8, 21, 25, 31, 32, [34] [35] [36] [37] [38] although depending on the targets involved, this is not always the case, 35, 39, 40 and some practice may be required to change focus between the colors. 25 For a colored target on a different colored background, there may be no single accommodative response that can make the target boundary distinct. The group average steady-state response when viewing such targets in printed form 40 or on color VDUs 31, 41 does not vary greatly between color combinations. However, Charman 8 used similar targets but concentrated on the response patterns of individual participants. When viewing red-on-blue or blue-on-red targets, participants were found who consistently focused for (1) the red wavelengths, (2) the blue wavelengths, (3) the background color, (4) the target color, or (5) who were equally happy to focus for either the red or blue wavelength, or (6) who focused at much the same level for all the targets. 8 This study demonstrates that there are idiosyncratic individual differences in accommodation to multicolored displays that cannot be explained by a simple application of the various factors that have previously been discussed.
Response Stability
Although there have been studies of the time-averaged response to steady colored targets and of the response to dynamic colored targets, less is known of the stability and variability of the steadystate response to stationary colored targets. Of those studies that investigated temporal stability of the response, one was limited to amblyopic eyes, 42 and three others applied no statistical analyses. 20, 37, 39 Collins et al. 41 used natural viewing conditions and found no significant difference in response variability between various achromatic and unequally luminant chromatic (e.g., red on blue, blue on red, and green on black) color conditions presented on a VDU. Three studies have investigated the fluctuations of accommodation. Denieul and Corno-Martin 37 used combinations of black or white text on a colored field or colored text on a black or white field. Combinations of colored text on a colored background were not investigated. For black text or black backgrounds, they noted an increase in the ratio of high temporal frequency to low temporal frequency activity (HF/LF) as the color portion became less saturated. For nominally isoluminant targets (e.g., white on color and color on white), there were no consistent changes in accommodative fluctuations with chromaticity. Gray et al. 27 found no difference in response variability (RMS value) or the fluctuations of accommodation between black-and-white targets and a saturated red target on a black background. Simmers et al. 43 investigated the accommodative fluctuations with a number of different tinted lenses individually prescribed to reduce asthenopic complaints. However, the spectral bandwidths and color characteristics of the individually prescribed lenses varied widely within each experimental condition, making it difficult to apply those findings to the questions under investigation in the present study.
When viewing multicolored displays, the response could become more variable because (1) the stimulus to accommodation is impoverished in some way, perhaps because of reduced spectral bandwidth 12, 18 -20 or reduced luminance contrast; 29, 30 (2) the conflicting dioptric stimuli provided by the colors in the target destabilize the neural control mechanisms of accommodation; or (3) there is a conscious strategy to alter accommodation dynamically between the focus levels that provide distinct vision for the colors present in the display. We hypothesized that the accommodation response becomes more variable under some color combinations of target and background and tested this hypothesis using an infrared dynamic objective optometer.
METHODS
Five individuals aged between 22 and 31 years (mean, 26.6 Ϯ 3.6 years) participated in the study. They had negligible astigmatism (Ͻ0.25 D) and normal subjective amplitudes of accommodation (Ն6 D) in their tested right eyes. All the participants apart from two participating authors were naive as to the purpose of the experiment. This study adhered to the Declaration of Helsinki. The QUT Research Ethics Committee approved the study, with informed consent provided by all the participants.
Accommodation of participants' eyes was measured using a modified Bausch and Lomb Ophthalmetron infrared optometer (Rochester, NY). 44 Targets were presented with a Maxwellianview Badal optometer attached to the Ophthalmetron. 44 The viewing system contributed Ͻ0.1 D of LCA across the visible spectrum. To prevent spurious readings by the Ophthalmetron, 1 drop of 2.5% phenylephrine was used to dilate pupils. A 5-mm aperture conjugate with the eye's entrance pupil formed the aperture stop of the optical system.
Absolute calibrations of the Ophthalmetron were obtained for To test the signal-to-noise ratio of the instrument, 10 recordings were taken from the model eye supplied with the Ophthalmetron, and 5 and 9 recordings were taken from two cyclopleged human eyes (1 drop of 1% cyclopentolate; subjective amplitude of accommodation, Ͻ0.4 D). The response was sampled at 35.97 Hz for 14.2 s. The root-mean-square level in the model eye was 0.024 D, and the root-mean-square levels in the two cyclopleged eyes were 0.06 and 0.10 D, indicating little influence of noise on optometer readings.
Stimuli were 35-mm slide transparencies of a Maltese cross, whose details are shown in Fig. 1 . Kodak Ortholith and Kodak Ektachrome (64 ASA) transparency films (Rochester, NY) were used. Seven target-on-background color combinations were used: (1) black on white; (2) black on blue; (3) black on red; (4) blue on red; (5) dark blue on red; (6) red on blue; and (7) dark red on blue. The luminances and color characteristics of the slide targets were measured at the Maxwellian view image plane with a Topcon BM-7 luminance colorimeter (Tokyo, Japan). Spectral transmittances of the slide targets were also measured separately (Beckman DU-650 spectrophotometer, Fullerton, CA).
Chromaticity coordinates for the targets are shown in Fig. 2 . Dominant wavelengths (relative to CIE illuminant A) were 648 nm (red), 466 nm (blue), 632 nm (dark red), and 467 nm (dark blue). Estimated spectral characteristics of the target colors weighted by the photopic luminous efficiency function 45 (V ) are shown in Fig. 3 . The spectral characteristics of the tungsten source were approximated by that of a black body based on the measured 
FIGURE 3.
Relative spectral energy distributions of the target colors, weighted by the photopic relative luminous efficiency function (V ), and normalized to their respective peaks. Plots are given for the white, red, blue, dark red, and dark blue colors.
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color temperature of the source (2469 K). 45 The excitation purities of the targets were 0.28 for white, 0.93 for red and blue, 0.60 for dark red, and 0.69 for dark blue. All the colored targets show secondary modes in their spectral distributions (Fig. 3 ). In the case of the red and blue targets, these modes are small, and the excitation purities remain high (0.93 in both cases). However, the modes are important for the dark red and dark blue targets (Fig. 3) , providing a potential conflicting stimulus to accommodation and reducing the relative brightness of the primary peak. However, it should be noted that the dark red color was only ever paired with blue (i.e., in the dark red-on-blue condition) and that the secondary mode of the dark red color is close to that of the spectral peak for the blue (Fig. 3) . A similar argument may be made for the pairing of dark blue with red ( Fig. 3) . Thus, the effects of secondary modes in dark red and dark blue targets are likely to have been small.
Using the Chromatic eye model of Thibos et al., 9 the LCA between the blue and red colors was 1.05 D, and the LCA between dark blue and dark red colors was 0.99 D. Estimated retinal illuminances for the white, red, and blue backgrounds were 3.45, 3.53 and 3.49 log trolands, respectively, and 2.79 and 3.00 log trolands for the dark red and dark blue target components, respectively. Weber luminance contrasts (⌬L/L) between cross and background were 0.97 for the black-on-white, black-on-red, and black-on-blue targets; 0.80 for the dark red-on-blue target; 0.71 for the dark blue-on-red target; Ϫ0.079 for the red-on-blue target; and 0.074 for the blue-on-red target. Thus, the blue-on-red and red-on-blue targets were close to nominal isoluminance. A negative contrast value for the red-on-blue target indicates that the cross target was brighter than the background in this condition.
The black-on-white target was the standard target. A highly accurate and stable response would be expected with this target because of its wide spectral bandwidth 18, 22 and high luminance contrast. 1 The black-on-blue and black-on-red targets provided high luminance contrast but had reduced spectral bandwidth. In these conditions, the response may be less accurate and more variable in some individuals because of the reduced spectral bandwidth. 18, 22 However, there were no conflicting stimulus levels caused by LCA, and it was expected that the response would be greater for the black-on-red than for the black-on-blue target (see Factors in the Response to Color Stimuli, above).
The blue-on-red and red-on-blue targets have small luminance contrasts, and it was expected that these would show decreased accuracy. The response also may become more variable, either because the near isoluminant conditions provide poor chromatic cues 12, 29, 30 or because the participant is making active changes in accommodation between the focus levels for the red and blue target components. The dark blue-on-red target was expected to provide responses intermediate between those of the black-on-red and blue-on-red targets, whereas the dark red-on-blue target was expected to provide responses intermediate between those of the black-on-blue and red-on-blue targets.
In all the experimental runs, accommodation was recorded at 40 Hz for 12.8 s. The target was set at a position, depending on each participant's refractive error, corresponding to an accommodative stimulus of about 3 D for the black-on-white combination (range, 2.85 to 3.6 D). This stimulus was chosen as representative of arange of near-vision tasks. Data were collected in 10 experimental blocks of 7 trials each. Within a block, the presentation order for each of the seven target-on-background combinations was random without replacement. Participants were instructed to "look at the target naturally, the same as you would when normally reading a book or sign at the same distance." 15 Dark focus measurements were made with a Canon Autoref R-1 autorefractor (Tokyo, Japan). 46 Each participant was left in the dark for 3 minutes before measurement to allow any accommodative adaptation effects to subside. 47 The dark focus was below the accommodation response for all the participants at most times. For example, the mean difference between the dark focus and the response to the black-on-white target varied from 0.6 D to 2.1 D for our participants. Thus, it is unlikely that the resting state of accommodation played a major role in measurements.
Previous studies have reported wide interindividual differences in the responses to color targets; 8 therefore, it seemed unlikely that the homogeneity of variances assumption of common parametric statistical tests such as analysis of variance (ANOVA) would be met. Analyses of group mean effects in this situation also can be misleading, 8 making the single-case (or single-subject) design a necessity. Common parametric tests (e.g., ANOVA) cannot be used in single-case designs because serial correlation between readings on the same participant violates the independence assumptions of those tests. 48 Randomization tests for single-case designs are valid alternatives in this case (see Appendix) 48, 49 and were used in the present study. The geometrical test (GEO) is a randomization test (see Appendix) and was used as a nonparametric alternative to ANOVA. 50 Its test statistic is the average difference in the dependent variable between all the possible pairs of treatment conditions. Omnibus tests were performed with 5.04 ϫ 10 5 random enumerations of the data. Nonparametric confidence intervals (CI's) on pairwise comparisons were then determined with the GEO test using an iterative procedure 51 with either 5000 or 15,000 random enumerations. CI's could not be calculated in some cases because of missing values. The nonparametric CI is generally not symmetric about the mean but may be described by the CI lower limit (C L ) and CI upper limit (C U ). When it is necessary to describe CI's for a subset of study participants, these will be given in the text and in Table 1 as the range of individual CI lower limits, followed by the range of individual CI upper limits. For example, if a subset of three participants had CI's on a particular variable of 0.1 to 1.8, 0.2 to 1.9, and 0.3 to 2.0, respectively, then this would be reported as 0.1 Յ C L Յ 0.3 and 1.8 Յ C U Յ 2.0.
To examine the effects of target color on short-term within-trial response variability, ln(Var) was used as a dependent variable in the GEO test, where Var is the measured response variance in each 12.8-s trial. In this way, tests of differences in ln(Var) become exact tests of ratios of within-trial variances (RWTV). CI's for RWTV's were calculated by the iterative procedure described previously. 51 To assist in the later presentation of ratio of variance data, the following calculations were performed. For a set of ratio of variance values expressed as quotients {q 1 Reduced spectral bandwidth conditions versus black-on-white Mean AR: black-on-red less black-onwhite Multi-color displays versus black-onwhite Mean AR: red-on-blue less black-onwhite the largest nondirectional RV (i.e., the one furthest from 1.0) is 5.0 (i.e., 1/0.2), and the smallest nondirectional RV (i.e., the one closest to 1.0) is 1.1. A test was sought for changes in accommodation response variability over a longer period corresponding to the time between trials. The previous test (see above) had only considered accommodative variability for the brief 12.8-s duration of an individual trial. Unfortunately, there are no exact tests amenable to our data; 52 therefore, a modified form of the Brown-Forsythe (BF) test 53 was used. The test statistic was calculated by a randomization procedure (GEO test) to free it from the independence assumption, which is usually untenable in single-case designs. Omnibus tests were performed with 5.04 ϫ 10 5 random enumerations and pairwise comparisons with either 5000 or 15,000 random enumerations. This test is not amenable to the calculation of CI's.
To examine the effects of luminance contrast, the Edgington correlation trend test (CTT) 49 was modified for repeated measures and to allow a nondirectional null hypothesis. For a given background color (red or blue) the three matching target colors (i.e., black, dark blue, and blue for the red background; black, dark red, and red for the blue background) were given dummy codings to test for departures from the null hypothesis that the response to the medium-contrast target is midway between the respective highcontrast and low-contrast targets. Probability values were determined using 6 ϫ 10 4 random enumerations. Finally, to compensate for family-wise error rates caused by singlecase analyses on the five separate participants, the Bonferroni inequality was invoked to reduce the significance level from 5% to 1% for all the tests. Accordingly, 99% CI's were used throughout.
RESULTS
Frequency distributions of each of the accommodative response runs for each target-on-background combination are shown for participants A, B, C, D, and E in Figs. 4, 5, and 6, respectively. Group average accommodation responses for all the target-on-background combinations are plotted in Fig. 7 . To obtain this figure, each participant's response for the blackon-white target was subtracted from the mean response for the other conditions. Consequently, the group mean and SD for the black-on-white combination are both zero. Intratrial accommodation response variability in the various target conditions is plotted in Fig. 8 . 
Omnibus Statistical Tests
There was a highly significant overall effect of color condition on the mean accommodation response for four of five participants (Table 1 , result 1a) but not for participant C (Fig. 5A and Table 1 , result 1b). By contrast, target color had a significant effect on short-term accommodation response variability in only one of five participants (Fig. 4B, participant B and Table 1 , results 2a and 2b).
Target color had a significant effect on long-term response variability in only two of five participants (Table 1, results 3a and 3b) . Accordingly, pairwise comparisons on long-term variability (to be presented) were only performed for the two individuals whose omnibus tests were significant (i.e., participants A and B).
Reduced Spectral Bandwidth: Blue vs. Red
As predicted from the LCA of the eye, the response to the black-on-red target was greater than to the black-on-blue target in most participants. The mean difference in response for those four participants (A, B, D, and E) who showed a significant effect was 0.80 D (Table 1, result 4a) , a little less than the actual difference in (Fig. 5A and Table  1 , result 4b).
In most cases, the accommodation response was not significantly more variable in the short term when comparing the two reduced spectral bandwidth conditions with each other (participants A, B, D, and E; Fig. 8 and Table 1 , result 5b). Participant C had a less variable response when viewing the black-on-red vs. black-on-blue target ( Fig. 5A ; RWTV, 0.35; Table 1 , result 5a).
When considering long-term variability, none of the participants' responses were significantly more variable when comparing the black-on-red and black-on-blue conditions (Table 1 , result 6).
Reduced Spectral Bandwidth Conditions vs. Blackon-White
The response to the black-on-red target was slightly higher than to the standard black-on-white target for two of five participants (A and B; Figs. 4 results 7b and 7c). However, the response to the black-on-blue target was much lower than to the black-on-white target for three of five participants (A, B, and D; Figs. 4 , 5B, and 7; mean difference, Ϫ0.66 D; Table 1 , result 8a) but not for two participants (C and E; Figs. 5A and 6 and Table 1 , result 8b).
In the short term, none of the participants had significantly more variable responses in the reduced spectral bandwidth conditions ( Fig. 8 ; black-on-white vs. black-on-red, Table 1 , results 9a and 9b; black-on-white vs. black-on-blue, Table 1 , result 10). The same was true for long-term variability (participants A and B; Table 1 , results 11 and 12).
Multicolor Displays vs. Black-on-White
Responses to the red-on-blue and blue-on-red targets were first compared with the standard black-on-white target. The response to the red-on-blue target was significantly lower than to the blackon-white target for three participants (A, B, and E; Figs. 4 and 6 ; mean, Ϫ0.55 D; Table 1 , result 13a) but not for the other two participants (C and D; Fig. 5 and Table 1, result 13b) . In contrast, the response to the blue-on-red target was not significantly different from that for the black-on-white target in four of five participants (A, C, D, and E; Figs. 4A, 5, and 6 and Table 1 , results 14b and 14c). In the other participant (B; Fig. 4B ), the response to the Histograms of dynamic accommodation responses for participant E for the seven target-on-background conditions. The dark focus for this participant is 0.5 D. Other details are as for Fig. 4A caption.
FIGURE 7.
Group accommodative response differences for target-on-background combinations. The error bars indicate 1 SD of the mean differences. Each participant's mean response is relative to his or her mean response for the black-on-white combination.
FIGURE 8.
Group mean intratrial SD's of the accommodative response runs for each target-on-background combination. The error bars indicate 1 SD of the mean SD's.
Accommodation for
With one exception, the responses to the near-isoluminant targets were not significantly more variable than to the standard black-on-white target in the short term ( Fig. 8 ; black-on-white vs. red-on-blue, participants A, C, D, and E, Table 1 , result 15b; black-on-white vs. blue-on-red, participants A, B, C, D, and E, Table 1 , results 16a and 16b). The exception was that participant B had a less variable response to the black-on-white target than to the red-on-blue target ( Fig. 4B; RWTV, 0.42; Table 1, result 15a) .
In the long term, none of the participants showed more variable responses to the near-isoluminant targets (participants A and B; Table 1 , results 17 and 18).
Multicolor Displays vs. Blue and Red Foci
Responses to the near-isoluminant multicolor targets (red on blue and blue on red) were generally closer to the blue response (black-on-blue target) than to the red response (black-on-red target).
For the red-on-blue target, the response was significantly lower than the red focus for four of five participants (A, B, D, and E; Figs. 4 , 5B, and 6; mean, Ϫ0.63 D; Table 1 , result 19a) but not for participant C (Fig. 5A and Table 1 , result 19b). Conversely, the red-on-blue response was not significantly different from the blue focus for four participants (Figs. 4, 5A , and 6 and Table 1 , results 20b and 20c). The exception was participant D, whose red-onblue response was greater than the blue focus (mean, ϩ0.44 D; Fig.  5B and Table 1 , result 20a).
Similarly, for the blue-on-red target, the response was significantly lower than the red focus for three of five participants (A, B, and D; Figs. 4 and 5B; mean, Ϫ0.65 D; Table 1 , result 21a) but not for two participants (Figs. 5A and 6 and Table 1 , results 21b and 21c). Conversely, the blue-on-red response was not significantly different from the blue focus for four participants (B, C, and D, Figs. 4B and 5 and Table 1 , result 22b; E, Fig. 6 and Table 1 , result 22c). The exception was participant A (Fig. 4A) , whose blue-on-red response was greater than the blue focus (mean, ϩ0.44 D; Table 1 , result 22a).
Multicolor Displays: Effect of Contrast
It was hypothesized that the response to the medium-contrast targets for a particular background color would be intermediate between the respective high-contrast and near-isoluminant target responses. When considering the mean response level, and with one exception, this null hypothesis could not be rejected in any of the participants ( Fig. 7 ; red background, all participants; Table 1 , result 23; blue background, participants A, B, D, and E; Table 1 , result 24b). The exception was participant C with a blue background (Fig. 5A) . In this case, the response to the dark red-on-blue target (2.30 D) was significantly higher (Table 1 , result 24a) than to the other two conditions (black on blue, 1.70 D; red on blue, 1.75 D).
When considering the short-term variance of the accommodation response, the null hypothesis (of no effect of luminance contrast) could not be rejected in any case ( Fig. 8 and Table 1 , results 25 and 26).
DISCUSSION
Overall, there was no consistent support for our hypothesis that multicolor targets lead to increased accommodation response variability. When compared with the standard black-on-white target, responses to targets with reduced spectral bandwidth (black on red and black on blue) were not more variable in either short-or long-term viewing (mean RWTV, 0.97 to 1.2; Table 1 , results 9a to 10). However, CI's for ratios of variances cannot rule out moderate increases or decreases in response variability in some individuals (r Յ 7.0; Table 1 , results 9a to 10). These results apparently contradict earlier studies that found poorer accommodative stability in reduced spectral bandwidth conditions. 12, 18 -20, 22 However, accommodative gain falls off gradually with spectral bandwidth; 18, 22 therefore, the bandwidths in the present study may have been adequate for operation of the normal chromatic stimulus to accommodation. 12 Another possibility is that participants were resorting to blur 11 and other cues 14 to drive the response in the presence of a degraded chromatic stimulus. In any case, the present study supports other findings that accommodation is reasonably robust to spectral bandwidth 18, 22, 27, 41 and that typically encountered saturated colors are not too debilitating to the control mechanisms of accommodation. 18 With one exception (participant B, see Fig. 4B ), responses to the near-isoluminant targets (red on blue and blue on red) were not more variable than to the standard black-on-white target (mean RWTV, 0.76 to 1.9; Table 1 , results 15b to 16b). However, in these participants our CI's cannot rule out moderate to large increases or decreases in variability near isoluminance for some individuals (r Յ 16; Table 1 , results 15b to 16b) at least for short-term (12.8 s) viewing. In the present study, the targets were not entirely isoluminant. Colors were not subjectively brightness matched (although they were matched for retinal illuminance), and no attempt was made to correct for the participants' transverse chromatic aberration or longitudinal chromatic aberration. Thus, there were likely luminance and chromatic artifacts in the retinal images that could be used to drive accommodation. Despite evidence that isoluminant targets provide a poor stimulus to accommodation, 29, 30 the present study suggests that in conditions outside the laboratory (where attempts are not made to maintain isoluminance), these targets would lead to no more than moderate increases in response variability in many individuals. Whether it is advisable to view such degraded stimuli routinely is an issue not addressed in the present study. Other studies using natural viewing conditions have also found reasonably accurate responses to subjectively brightness-matched multicolor displays 8, 31, 32 and to displays in which there was no brightness matching. 41 In four of five participants, there was a differential response to black-on-red and black-on-blue targets that closely matched the LCA of the eye (response of 0.80 D vs. LCA of 1.05 D). However, when presented with near-isoluminant red-on-blue and blue-on-red targets, four of five participants did not adopt more variable responses and so were not focusing between the blue and red focus levels as we originally hypothesized. We cannot rule out that participant B was adopting such a response pattern. Alternatively, the near-isoluminant conditions may have been detrimental to this individual's accommodative mechanism, leading to increased response variability (r ϭ 2.4). The mean accommodation responses of the participants to the red-on-blue and blue-on-red targets showed considerable interindividual differences, consistent with a previous report. 8 One participant (C) showed no differential accommodation to LCA in any case. One participant (B) focused nearer the blue wavelengths; two participants (A and D) focused either near the blue wavelengths or midway between the red and blue focus levels; and one participant (E) adopted a blue focus in one condition (red on blue) but no differential focus in the other (blue on red). The overall tendency was to focus toward the blue wavelengths of the target.
An accommodative stimulus of about 3 D was used in the present study, and this is representative of many near tasks. The fluctuations of accommodation are maximal at about this stimulus demand, falling off for more proximal and more distal stimuli. 54 Thus, the propensity for fluctuations in accommodation was probably its greatest with the present stimulus demand. It is possible that there would have been a lesser propensity for variable responses to color stimuli at stimulus levels other than that of the present study. Conversely, the dioptric distance between the various color stimuli (e.g., red vs. blue) remains the same regardless of the mean accommodation stimulus, suggesting that similar results may have also been found at other stimulus levels.
Our results can be related to the use of multicolor VDU's. Some studies have found a higher incidence of visual symptoms with VDU use, 55 and accommodation has been investigated as a possible factor. 27, 41 There have been speculations since at least the 1950s that the strategy of focusing alternately between the focus levels corresponding to the different wavelengths in a target could lead to asthenopia. 21, 56 Although these ideas have been criticized, there is evidence that individuals can alter focus in this way if instructed so, 25 and the present study cannot rule out such strategies in some individuals. Nevertheless, Matthews et al. 57 failed to find a significant link between display color and asthenopic symptoms.
In the present study, there were no general and consistent trends for increased accommodative variability in displays with reduced spectral bandwidth or near-isoluminant targets, although we cannot rule out moderate increases in accommodative fluctuations in the near-isoluminant conditions, particularly in some individuals (e.g., participant B). These findings tend not to favor a mechanism by which increased variability in accommodation leads to asthenopic complaints.
Individually prescribed tinted lenses and colored overlays 43, 58 have been used in an effort to improve reading performance and reduce asthenopia in some individuals. Kröger and Binder 35 recently suggested applying blue overlays to text to reduce the lag of accommodation at near and so reduce the speculated myopigenic factor of hyperopic defocus (i.e., a lag of accommodation) in near vision. However, if these colored overlays were too saturated, it then could be speculated that the resultant variability in accommodation 20 and the increase in RMS blur could itself provide a stimulus to myopigenesis. 59 The findings of the present study along with those of another 41 suggest that color saturation is not a critical factor in this regard.
APPENDIX
Edgington 49 and Manly 51 provide accessible introductions to the theory of randomization tests. Briefly, a test statistic is chosen (e.g., F of ANOVA) and its value calculated for the observed data set. If the various treatment conditions have been randomly assigned to treatment times, then under the null hypothesis of no treatment effect, any particular reading may equally well have been observed with any of the treatment conditions. Therefore, the treatment "labels" assigned to each recording may be interchanged under the null hypothesis. This interchanging (or enumeration) is done many times and the test statistic calculated each time. The probability value is given by the ratio (n/N), where n is the number of enumerations for which the test statistic is greater than or equal to the observed value of the test statistic, and N is the total number of enumerations.
If the number of readings is small, then it is sometimes possible to systematically calculate all the possible enumerations of the data. However, this is not feasible in most cases; therefore, a random subset of enumerations is used instead. The probability value obtained using a random enumeration procedure approaches the true value asymptotically and can be acceptable with as few as 1000 enumerations. 51 A disadvantage of many nonparametric tests is that their power (or efficiency) is not as great as that of their parametric counterpart when the assumptions of the parametric test are met. However, in situations in which parametric and randomization tests may be applied validly, evidence suggests that randomization tests have similar or greater power than their parametric counterparts. 51 
